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ABSTRACT 


Introduction: Vitamin D insufficiency among healthy children and adolescents is reported to be highly prevalent in the different 
parts of world. 

Objective: To assess the Vitamin D status in children in the age group of 6-14 years attending a tertiary care teaching institute 
of South India and to analyze the factors which can contribute to Vitamin D deficiency in these children. 

Methods: Cross-sectional study. 6-14 year old children attending the outpatient department were included in the study. Chil¬ 
dren with co - morbid conditions that affect Vitamin D metabolism and those children on chronic drug treatment and on Vitamin 
D supplementation were excluded from the study. 

Results: Average age of study population was 8.93± 2.02. In the study 48 (52.2%) children among a total of 92 had a normal 
Vitamin D status while the rest 44 children (47.9%) had insufficient Vitamin D status (25 hydroxy vitamin D < 30 ng/ml). Among 
these children 21 (22.8%) had sub-optimal vitamin D levels, 19 (20.7%) were deficient, 3 (3.3%) had severe and 1 (1.1%) had 
very severe deficiency of Vitamin D. The average Vitamin D level among the study population was 31 ±14.13 ng/ml. There was 
significant statistical association between Vitamin D deficiency and stunting (p=0.003). No statistically significant association 
was found between outdoor activity, clothing and skin colour with Vitamin D deficiency in this study. 

Conclusions: Vitamin D insufficiency was documented in 47.9% of 6 -14 year old children and there is a significant association 
between stunting and Vitamin D deficiency. 
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INTRODUCTION 

Vitamin D Deficiency is on the rise as a major public health 
problem in India. Majority of the population in India resides 
in areas receiving ample sunlight throughout the year; still 
vitamin D deficiency is a problem of growing concern 1>2,3 . 
Skin complexion, poor sun exposure, vegetarian food habits 
and lower intake of vitamin D fortified foods could be at¬ 
tributing to the high prevalence of VDD in India 4 . However 
till the early 1990s, VDD was considered to be rare in India. 
Such belief was based on studies measuring serum calcium 
and alkaline phosphatase in Indian population. A study con¬ 
ducted in 2000 by Goswami et al among apparently healthy 


subjects to measure their serum 25 hydroxy D level docu¬ 
mented that significant hypovitaminosis D was present in all 
groups, except those with maximal sunlight exposure 2 . Sub¬ 
sequently, studies conducted in different parts of the country 
have documented a widespread prevalence of VDD in all age 
groups including toddlers, school children, pregnant women, 
neonates, adult males and females residing in rural or urban 
areas 5,6 ’ 7,8,9 . 

Data on vitamin D deficiency among children and adoles¬ 
cents of Kerala is scarce. Children in the school going age 
group are more susceptible to vitamin D deficiency disor¬ 
ders. This is the age group in which there is a tremendous 
increase in the bone growth and high vitamin D requirement. 
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Hence this study was undertaken for estimating the Vitamin 
D status in children of the age group 6-14 years attending 
the outpatient department of tertiary care teaching hospital 
in Kerala. 


MATERIALS & METHODS 

Objectives 

1. To assess the Vitamin D status in children aged 6-14 
years 

2. To analyze the factors which can contribute to Vitamin 
D deficiency in these children 

Study design 

This was a tertiary hospital based, cross sectional descriptive 
study. 

Study population 

Children aged 6 to 14 years attending the Outpatient depart¬ 
ment of a tertiary care teaching hospital 

Study period 

One year - From October 2013 to October 2014 

Inclusion criteria 

Children in the age group of 6-14 years attending the local 
Outpatient department 

Exclusion criteria 

Children with co - morbid conditions that affect Vitamin D 
metabolism like chronic liver disease, chronic kidney dis¬ 
ease, heart disease and chronic neurological diseases were 
excluded from the study. Children on Vitamin D supplemen¬ 
tation and children on chronic drug treatment including mul¬ 
tivitamins, anticonvulsants, steroids, thyroxin, antitubercu¬ 
lous treatment and antimetabolites were also excluded from 
the study. 

METHODOLOGY 

Sanction of Institutional Ethical committee was obtained be¬ 
fore starting the study. Parents and children were interviewed 
with the help of a detailed questionnaire prepared to assess 
the personal information of the children. The questionnaire 
also included their pattern of clothing, time spent for outdoor 
and physical activity. The nutritional status of the children 
was assessed with respect to height, weight and BMI. They 
were examined for clinical features of Vitamin D deficiency. 
Biochemical investigations including Serum Calcium, Se¬ 
rum Phosphorus, Serum Alkaline phosphatase, Serum Albu¬ 
min and 25 hydroxy Vitamin D were done. 


Hypovitaminosis D was defined on the basis of the measure¬ 
ment of serum 25 Hydroxy Vitamin D concentrations. The kit 
used for the study was the 25 hydroxy Vitamin D ELISA kit 
manufactured by Biovendor research and diagnostics Prod¬ 
ucts, Hamburg, Germany (Cat No. REA 300/96), a mono¬ 
clonal anti 25 hydroxy Vitamin D antibody based ELISA 
test. Serum 25 hydroxy vitamin D level more than 80nmol/L 
(>30ng/ml) by enzyme linked immunoassay was considered 
as optimum level 9 . Concentrations of 20-30 ng/ml, 10-20 
ng/ml, 5-10 ng/ml and less than 5 ng/ml 25 hydroxy vita¬ 
min D were classified as Suboptimal Vitamin D, Vitamin D 
deficiency, Severe and Very Severe hypovitaminosis D re¬ 
spectively 9 . 30-50 ng/ml was taken as Optimal Vitamin D 
and 50-70 ng/ml as Upper Normal vitamin D. The data was 
analyzed to find out the factors which affect the Vitamin D 
concentration in the children. 

Data is presented as mean ± SD. The chi-square test was 
used for the analysis of categorical variables. Fisher’s exact 
test was used for the analysis of categorical variables, when 
more than 20% cells had value less than 5. A p-value <0.05 
was considered significant. Data was statistically analyzed 
with the use of the Statistical Package for Social Science pro¬ 
gram (SPSS version 20.0 for Windows) 

RESULTS 

92 children in the age group 6-14 years were included in 
the study, out of which 51 (55.4%) were boys and 41(44.6%) 
were girls. 50 children (54.3%) were aged between 6-10 
years, while 42 children (45.7%) were aged between 10-14 
years. The mean age of the study group was 8.93±2.02. 69 
children, representing 75% of the study population were nor¬ 
mally nourished, with weight more than 80% of the weight 
expected for their age. 18 children (19.6%) had Grade 1 and 
5 children (5.4%) had Grade 2 malnutrition, according to 
IAP classification. 76 children (82.6%) had nonnal height, 
defined as height more than 95% of expected height for their 
age. 11 children (12%) had 1 st degree, 4 children (4.3%) had 
2 nd degree and 1 child (1.1%) had 3 rd degree stunting ac¬ 
cording to Waterlow classification. 31(33.7%) children had 
normal body mass index, while 55 children (59.8%) were 
underweight, 5 children (5.4%) were overweight and 1 child 
(1.1%) was obese. 

The mean duration of outdoor activity during school time 
was 2.85±1.38 hours in a week. 59.8% of children had more 
than 2 hours of outdoor activity at school in a week. 30.4% 
children had less than 2hrs of outdoor activity in school dur¬ 
ing weekdays. 9 children (9.8%) did not engage in any out¬ 
door play during the school hours. 83 children (90.2%) did 
some outdoor activity during school hours. Among them 46 
children (50%) played outdoors between 1-2 PM during the 
lunch break. 37 children (40%) played outdoors between 3- 4 
PM, during PT hours. 
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The duration of outdoor play after the school time on school 
days was 2.85 ±1.3 hours in a week. 28 children (30.4%) 
played for less than 2 hours/ week and 64 children (49.8%) 
played for more than 2 hours/week during weekdays. 9 chil¬ 
dren (9.8%) did not participate in any outdoor play after the 
school hours. The mean duration of outdoor activity during 
weekends was 1.41±1.58 hours. 46 children (50%) had no 
outdoor activities during the weekend. The mean duration 
of outdoor activity during the whole week was 6.99 ± 3.50 
hours. The minimum duration of outdoor activity in a week 
was 3 hours and maximum duration of outdoor activity in a 
week was 13 hours. 50% of children had less than 6 hours 
outdoor activity per week. 

During weekends, only 30 % of children had sun exposure 
during the period of 10AM to 4PM, when there is maximum 
concentration of UV rays in the sunlight. 55.4% of children 
were exposing only head and forearms during outdoor activ- 
ity. 

14.1% of children had clinical features of rickets. 7 children 
had genu valgus and 6 children had genu varus. No other 
skeletal deformity was seen in the study group. 

Among the study population, 9 children (9.8%) had hypocal- 
caemia, which is defined as serum calcium below 8.5 meq / 
L. 83 children (90.2%) had normal serum Calcium level. The 
mean Serum Calcium level was 9.63± 0.81 meq/L. 7 chil¬ 
dren (7.6%) had hypophosphatemia with serum phosphorous 
level less than 3.7 meq/L. 85 children had normal serum 
phosphorous level. The mean Serum Phosphorous level was 
4.52± 0.69 meq/L. 86 children (93.5%) had serum Alkaline 
phosphatase level in the normal range; between 145 - 420 
U/L in 1-9 yr old and 140- 560 U/L in 10-14 yr old children. 
6 children(6.5%) had low alkaline phosphatase level less 
than 145 U/L. None of the children in the study group had 
elevated Serum alkaline phosphatase level. 

48 children (52.2%) had 25 hydroxy Vitamin D levels more 
than 30 ng/ml, which is considered as optimal Vitamin D sta¬ 
tus. 44 children (47.9%) had insufficient Vitamin D levels. 
The mean 25 hydroxy Vitamin D level in the study popula¬ 
tion was 31.00± 14.13 ng/ml. The mean 25 hydroxy Vitamin 
D level was 31.87 ± 13.54 among boys and29.98± 14.92 ng/ 
ml among girls. The mean 25 hydroxy Vitamin D level in 
children in the age group 10-14 years was 31.00 ± 14.52 ng/ 
ml. The mean 25 hydroxy Vitamin D level in children in the 
age group 6- 10 years was 31.01 ± 13.93 ng/ml. 

For statistical comparison, all children with Serum 25 hy¬ 
droxy Vitamin D levels less than 30 ng/ml were grouped 
as Vitamin D insufficiency. This group was compared with 
the group having sufficient levels of Vitamin D (> 30 ng/ 
ml). Age (p= 0.423) and gender (p= 0.559) did not have any 
statistically significant association with Vitamin D insuffi¬ 
ciency. 


There was a statistically significant relationship between 
Stunting and Vitamin D insufficiency in the present study 
(p-0.003). No relation was found between Vitamin D insuf¬ 
ficiency and wasting (p- 0.227), Body mass index (p-0.225) 
or malnutrition (p= 0.823). 

No statistically significant relationship was found between 
duration of physical training and Vitamin D insufficiency 
(p= 0.446), when children with more than 2 hrs of PT class 
in a week was compared with children with less than 2 hours 
of PT in a week. No statistically significant relation was 
found between Vitamin D insufficiency and total duration 
of outdoor activities in a week, when the group with outdoor 
activity less than 6 hours per week was compared with the 
group with more than 6 hours of outdoor activity per week 
(p-0.404). No significant association was found between Vi¬ 
tamin D deficiency and skin colour (p-0.628) or clothing 
during outdoor activity (p-0.992). No association was found 
between Vitamin D insufficiency and hypocalcaemia (p= 
0.894) and hypophosphatemia (p= 0.263). Elevated Serum 
alkaline phosphatise level was not seen any of the children 
in the study group. 

DISCUSSION 

25 hydroxy Vitamin D levels in apparently healthy Indian 
population was first evaluated by Goswami R et al in the 
year 2000 2 . Marwaha et al studied the Vitamin D status and 
bone mineral density of healthy school children in North In¬ 
dia 1 . They found that 92.6% of children in the low socio¬ 
economic group and 84.9% of children in the upper socio¬ 
economic group had hypovitaminosis D according to Lips 
classification 7 . The mean serum concentration of 25 (OH) D 
in the study on children from northern India was 11.8±7.2 
ng/ml in this study '. 

Study conducted by Das G et al among school girls, reported 
the prevalence of Vitamin D deficiency as 73% and mean 
serum 25 hydroxy D level as less than 12ng/ml 10 . Puri.S et al 
studied the Vitamin D status among school girls aged 6-18 
years belonging to both lower and upper socio economic sta¬ 
tus 11 . They documented the prevalence of biochemical hy¬ 
povitaminosis D (serum 25-hydroxyvitamin D <50 nmol/1) 
as 90-8%. 89-6% of girls belonging to low socioeconomic 
status (5-2% severe, 25-4% moderate, 59% mild) and 9L9% 
of girls in the upper socioeconomic group (2-8% severe, 
36-5% moderate, 52-6% mild) had vitamin D deficiency 11 . A 
study conducted on 6-17 years schoolgirls from both lower 
and upper socio economic status reported the prevalence of 
VDD as 93.7%. However, the prevalence of VDD in lower 
socioeconomic strata was higher (97.3%) as compared to up¬ 
per socioeconomic strata (90.9%) 12 . In a study conducted by 
Kapil U et al. among 6-18 year old children in Himacha- 
lpradesh, hypovitaminosis D was observed in 93% subjects 

n 
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(using cut off value as serum 25 hydroxy D < 20 ng/ml) with 
mean serum 25 hydroxy D level of 12.8 ± 6.5 ng/ml in 6-11 
year old boys and 13.8±5.2 ng/ml in 12-18 year old boys 13 . 
Harinarayanan et al found that the prevalence of vitamin 
D insufficiency (25 hydroxy D < 30 ng/ml) among healthy 
South Indians was 83.5%, 99%, 88% and 94% in rural men, 
rural women, urban men and urban women respectively 8 . 

Vitamin D insufficiency (25 hydroxy Vitamin D < 30 ng/ml) 
was seen in 47.9% of children in the present study. Vitamin 
D deficiency (25 hydroxy Vitamin D < 20 ng/ml) was seen 
only in 25.1% of the study group. This is much lower when 
compared to the previous studies from India. The mean 25 
hydroxy Vitamin D level in the study population was 31.00± 
14.13 ng/ml, which is higher compared to the previous stud¬ 
ies. The lower prevalence of vitamin D deficiency and higher 
mean 25 hydroxy levels may be explained by the geographi¬ 
cal difference. Most of the Indian studies are from the North 
India. Kerala being a south Indian state receives more verti¬ 
cal sunrays and more ultra violet rays, as it is closer to the 
equator. 

There was no gender predilection with respect to vitamin 
D deficiency (p= 0.559) in the present study. No difference 
in 25 hydroxy vitamin D levels were seen in the study by 
Khadgawat R et al 14 , but boys had significantly higher serum 
25(OH) D concentrations (p= 0.004)in the study by Marwa- 
ha et al 1 . 

There was no statistically significant relationship (p-0.446) 
between duration of outdoor play during the school hours 
and Vitamin D deficiency. In the present study there was no 
statistically significant association (p-0.404) between Vi¬ 
tamin D deficiency and duration of outdoor activities in a 
week. The minimum duration of outdoor activity in a week 
among our study population was 3 hours, which will amount 
to 25 minute per day. There was no significant (p—0.628) 
relationship between Vitamin D deficiency and skin colour 
and no relation between body surface exposed and Vitamin 
D status (p-0.992). Puri S et al found a significant correla¬ 
tion between 25 hydroxy D concentration and estimated sun 
exposure and between 25 hydroxy D and percentage of body 
surface area exposed n . Dark skin is a risk factor for low 
Vitamin D in adolescents according to Gordon et al 15 . But Vi¬ 
tamin D deficiency was not found to be significantly related 
to skin colour in infants and toddlers 16 . 

There is a significant (p=0.003) relationship between Stunt¬ 
ing and Vitamin D deficiency in the present study. Kremer 
R et al also found a positive relation between 25 hydroxy 
vitamin D levels and height among young women 17 . 

No significant relationship was found between Vitamin D 
deficiency and hypocalcaemia, hypophosphatemia or elevat¬ 
ed alkaline phosphatase in our study. The study by Kapil U 
et also failed to demonstrate statistical significant relation 


between vitamin D status and serum calcium, phosphorous 
and serum alkaline phosphatase levels 13 . Elevated serum al¬ 
kaline phosphatase activity is considered as a marker of in¬ 
creased osteoclastic activity seen in rickets. But none of the 
children in the study group showed elevated serum alkaline 
phosphatase. This finding questions the use of serum alka¬ 
line phosphatase as a screening test for vitamin D deficiency. 

CONCLUSIONS 

Almost half of the children studied had insufficient Vitamin 
D status. Mean level of Serum 25 hydroxy Vitamin D was 
31.00± 14.13 ng/ml. The prevalence of Vitamin D insuffi¬ 
ciency in the present study is low and mean 25 hydroxy Vi¬ 
tamin D level is higher compared to other studies from India. 
This may be explained by the geographical position of Ker¬ 
ala, which is closer to the equator than other parts of India. 
Vitamin D insufficiency had direct correlation with stunting. 
Subclinical vitamin D deficiency may be a factor contribut¬ 
ing to stunting in children. Future studies are needed in this 
direction. No statistically significant association was found 
between vitamin D insufficiency and outdoor activity, ex¬ 
posed body surface or skin colour in the present study. 
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IOO 

Outdoor activity during 

Nil 

46 

50.0 

weekends 

<2 hours 

27 

29.3 


>2 hours 

19 

20.7 


Total 

92 

IOO 

Outdoor activity after 

Nil 

9 

9-8 

school hours in school 
days in a week 

<2 hours 

28 

30.4 

>2 hours 

55 

59-8 


Total 

92 

IOO 

Time of outdoor activity 

6 am -10 

6 

6 

in weekends 

am 




10 am - 4 
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4 pm - 6 

12 

14 


pm 

No 

outdoor 

activity 

46 
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Total 

92 

IOO 
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Table 2: Duration of outdoor activity, clothing during 
outdoor play and skin colour in relation to Vitamin 
D status 




Vitamin D status 
(N) 

Total 

p 

Insuffici¬ 

ency 

Normal 

N 

% 

Total duration of out¬ 
door activity in a week 

<6 hours 

24 

22 

46 

50.0 

0.5315 

>6 hours 

20 

26 

46 

50.0 

Total 

44 

48 

92 

100.0 

Clothing during activity - 
Exposed body parts 

Only face 

5 

6 

11 

12.0 

1.00 

Head and 
forearms 

25 

26 

51 

55-4 

Head, arms 
& calves 

10 

11 

21 

22.8 

Head, trunk, 
arms & legs 

4 

5 

9 

9.8 

Total 

44 

48 

92 

100.0 

Skin colour 

Dark 

17 

17 

34 

37.0 

0.8301 

Fair 

19 

25 

44 

47.8 

White 

8 

6 

14 

15.2 

Total 

44 

48 

92 

100.0 
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Table 3: Distribution according to Vitamin D Status 


Vitamin D 
Status 

Serum 25 OH 

d 3 

level (ng/ml) 

Frequency 

Percentage 

Very severe 
Vitamin D defi¬ 
ciency 

< 5 

1 

1.1 

Severe Vitamin 

D deficiency 

5-10 

3 

3-3 

Vitamin D defi¬ 
ciency 

IO - 20 

19 

20-7 

Suboptimal Vi¬ 
tamin D level 

20 - 30 

21 

22.8 

Optimal Vita¬ 
min D level 

O 

Ul 

O 

37 

40.2 

Upper normal 
vitamin D level 

O 

O 

in 

11 

12 


Table 4: Vitamin D insufficiency in children with 
Stunting & wasting 


Vitamin D status 

Total 

p value 

(N) 



Insuffi- Normal 

N % 


ciency 




Stunting 

Present 

13 

3 

16 

17-4 

0.003 


Absent 

31 

45 

76 

82.6 


Wasting 

Present 

22 

18 

40 

43-5 

0.227 


Absent 

22 

3° 

52 

56.5 



Table 5: Vitamin D status Vs Hypocalcemia, Hy¬ 
pophosphatemia and Serum Alkaline Phosphatase 
levels 




Vitamin D sta- 

Total 




tus (N) 






Insuffi- 

Nor- 

N 

% 

P 



ciency 

mal 



value 


Normal ( > 

39 

44 

83 

90.2 

0.7324 

g 

8.5 meq/ L) 






P 







u 







rd 

U 

£ 

P 

Hypocalce¬ 
mia (< 8.5 

5 

4 

9 

9.8 


& 

<D 

C/3 

meq/L) 







C /5 

P 

O 

S-H 

O 

Normal( > 

3.7 meq/ L) 

40 

45 

85 

92.4 

0.7058 

Pi 

C /5 

O 

-P 

Ph 

E 

p 

Si 

0 ) 

C/3 

Hypophos¬ 

phatemia 

(< 3.7 meq/ 

L) 

4 

3 

7 

7.6 


QJ 
. C /5 

Normal 

41 

45 

86 

93-5 

1.000 

Pi -M 

^ .3 

£ Sr 

Decreased 

3 

3 

6 

6.5 


3 2 

CD Pi 

C/3 Ph 

Elevated 

O 

O 

O 

O 



Vitamin D levels in children 
with normal height & stunting 


70 0- 


> 

Of 

Q 48 . 0 - 

£ 

E 

.5 

> 37 .0- 

X 


1 o 

CM 26.0- 


41 

</> 15.0- 


4.0- 



n=T6 


n=16 


stunting 


stunting 


Figure 1: Vitamin D levels in children with normal height and 
those with stunting. 
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